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Describe Development of the PPE Approach, Past Uses 
and Lessons Learned

Describe Adaptation to NRICôs Mission

Describe Anticipated Use and Limitations in Potential 
NEPA Reviews

Describe Various Licensing/Authorization Pathways for 
Advanced Reactor Deployments

Presentation Goals
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PPE/SPE Concept

ÅPlant Parameter Envelope ïa set of reactor and owner engineered parameters 
associated with a suite of reactor designs

ÅSite Parameter Envelope ïa set of parameters associated with the environmental 
resource requirements associated with one or more reactor designs 

ÅThe combination of the PPE with the SPE allows for environmental analysis of resource 
issues

ÅThe PPE/SPE combination can support generic environmental analysis without a specific 
project proposal if the parameters are well-understood and consistent across projects (e.g., 
NRC ANR GEIS)
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What is the Plant Parameter Envelope Approach?

Source: NEI 10-01

Plant Parameter Envelope: a set of reactor and owner 

engineered parameters listed in the Early Site Permit 

(ESP) that are expected to bound the characteristics of a 

reactor that might later be deployed at the ESP site. A 

plant parameter envelope (PPE) sets forth postulated 

values of parameters that provide details to support the 

NRC staff's review of an ESP application. (NEI 10-01)

Å Reactor parameters ïvalues used to represent certain 

design features

Å Examples: reactor thermal power, fuel burnup

Å Owner-engineered parameters ïfeatures of a reactor 

that could be built at a proposed site

Å Examples: cooling water consumption, blowdown 

flow rate, plant footprint

Clinch mPower, NuScale, Holtek and Westinghouse

PSEG ABWR, AP1000, U.S. EPR, US-APWR

NEI ABWR, AP1000, IRIS, GT-MHR, PBMR, ACR-

700

The PPE is used to define what is in effect a ñsurrogate plantò that can bound two or 

more technologies. NEI 10-01 describes an approach an applicant can use.

Vendors Surveyed as part of the ESP
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How was the PPE used for the Clinch River 
ESP review?

Clinch River Site

The NRC issued an ESP for the Tennessee Valley Authority for multiple SMRs at the Clinch 

River Site in December 2019 after a 2-year NEPA review.

The siting evaluation was based on a plant parameter envelope (PPE) approach instead of a 

final reactor design. The envelope assumed two or more modules and up to 800 MW(e) total 

output.

Clinch River ESP EIS Link

The PPE was developed 

based on input from four 

United States Integral 

PWR SMR vendors: 

ÅmPower

ÅNuScale

ÅHoltec

ÅWestinghouse

https://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr2226/
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NRC Advanced Reactor GEIS

ÅUses the PPE/SPE concept

ÅIdentifies Category 1 v. Category 2 issues (issues that can be addressed 
generically v. issues that cannot)

ÅDevelops list of assumptions which must be met to ensure that impacts are 
minimized and that the generic conclusions of the GEIS can be used
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NRIC Adaptation of the PPE Framework

ÅPPEs are generally based on reasonable values for a wide range of 
anticipated designs as opposed to easily identifiable bounding values for 
generally similar designs. 

ÅIn some cases, e.g., the plant footprint, these parameters could be the largest 
parameter values of the potential reactors that could be deployed. 

ÁIn other cases, there may not be a ñboundingò value because of the wide range of 
potential designs, as would be the case for the nature of the fuel, coolant, or cooling 
technology. In those cases, the range of potential parameter values would be 
presented, and a reasonable value would be chosen. 

ÅTwo PPE/SPEs for two size ranges: 

Á(1) microreactors, which are defined for this PPE as single units with outputs of 60 MWt 
or less, and 

Á(2) small- to medium-sized advanced reactors with outputs above 60 MWt up to 1,000 
MWt.
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PNNL/NRIC PPE Report ïData Sources

PNNL and NRIC relied on the following data sources to 
inform the PPE/SPE

1. Vendor Surveys

2. NRC Advanced Reactor GEIS

3. Existing INL/NRIC Information/Analysis

4. Internal PNNL Research

5. Regulatory Limits

Information from these sources informed our 

estimation of bounding plant parameters
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Summary Microreactor PPE (1 of 3)

Plant Design Parameter Definition PPE Value

1.0 Structure and Layout

Structure height Vertical height from finished grade to the top of the tallest power-block structure. 28 ft

Stack height Vertical height from finished grade to the top of the tallest exhaust stack 50 ft

Foundation embedment Depth from finished grade to the bottom of the basemat or the most deeply 

embedded power-block structure (excavation depth is the same elevation as 

embedment depth).

28 ft

Permanent disturbed acreage to support 

plant operations

Land area required to provide space for plant facilities, including any support 

facilities, switchyards, fuel management, and cooling towers.

8 ac

2.0 Construction

Temporary disturbance during 

construction

Land area required to provide space for construction support facilities. 10 ac (18 ac total)

Duration of construction Duration of construction activities onsite. 24 mo

Construction workforce Maximum number of people onsite during construction. 150

Construction noise Maximum expected sound level due to construction activities, measured at 50 ft 

from the noise source

101 dB at 50 ft (a)

3.0 Operations

Design type Design of the plant, primarily the cooling system. Five different design types: high-temperature gas, 

molten salt, liquid metal, heat pipe, and nuclear 

battery.

Megawatts-thermal Thermal power generated by one plant module 60 MWt

Megawatts-electric Best estimate of maximum megawatt electric generator output 20 MWe (based on estimated 33% thermal 

efficiency)

Plant operational life Operational life for which the plant is designed or anticipated to be operated at INL. 30 year

Planned modules Number of modules that would be installed and operated. One

Stationary or mobile Planned design future use of the plant following demonstration Stationary

Offsite power Power from utility systems essential to support safety class structures, systems, 

and components (SSCs), such as electrical power supply and water supply

Required per General Design Criterion 17 (10 CFR 

Part 50, Appendix A, Criterion 17 - Electric Power 

Systems)
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Summary Microreactor PPE (2 of 3)

Plant Design Parameter Definition PPE Value

3.0 Operations

Normal plant heat sink Technology (or technologies) for the normal plant heat sink Mechanical draft cooling towers

Support facilities Support facilities such as switchyards, fuel management, and cooling towers. Fuel storage and handling; waste treatment; 

reactor pre-heating and metal melting; control 

building; power conversion

Operations staff Number of total permanent staff to support operations of the plant. 50

Refueling/major maintenance staff Additional number of temporary staff required to conduct refueling and major 

maintenance activities.

100

Consumption of raw water Average short-term consumptive use of water by the cooling-water systems 

(evaporation and drift losses) and service water systems, including potable and 

sanitary water use (if required).

450 gpm

Water discharge Average characteristics of plant water discharges. 400 gpm

Water source Source of any potable water or cooling water. Groundwater(b)

Water discharge constituents Chemical and radionuclide constituents of the plant discharges, and maximum and 

expected concentrations/activities in the discharge.

See Appendix C.

Waste streams Volume of radioactive and nonradioactive wastes generated during routine plant 

operations.

See Appendix C. It includes bounding values of 

radioactive solid waste generation, hazardous 

waste, nonhazardous waste, and gaseous waste.

Air emissions Routine and periodic releases of criteria pollutants and greenhouse gases. See Appendix C.

Stack exit velocity Exit velocity of the stack for dispersion calculations. 10 ft/s

Auxiliary systems Fuel source and size of auxiliary boilers, emergency power systems and standby 

power systems

Standby Power.

Diesel, 150 kW

Operation noise Maximum expected sound level produced by operation of cooling towers, measured 

at 1,000 ft from the noise source.

65 dBA
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Summary Microreactor PPE (3 of 3)

Plant Design Parameter Definition PPE Value

4.0 Fuel

Fuel form Form of fuel associated with the plant design. Molten salt

Annual fuel requirements Annual average fuel requirement (metric tons) per module. 0.5 MT 

(5 MT initial fuel loading)

Fuel source Source location of the fuel or fuel feedstock. Offsite commercial source

Radionuclide inventory Radionuclide inventory for irradiated fuel at time of shipment (curies/metric ton of 

uranium [Ci/MTU] by radionuclide).

See Appendix C

Refueling Refueling frequency (year) and MTU per refueling. 5 MTU (full core refueling), online and continuous 

refueling

Fission product inventory Annual activity, by radionuclide, contained in routine plant airborne effluent streams, 

excluding tritium.

See Appendix C

5.0 Transportation

Shipments of unirradiated fuel Total number of shipments and MTU for unirradiated fuel shipped to reactor or site. 10 shipments over the 30-year life of the plant.

45 MTU total

Shipments of radioactive waste Total number of shipments and volume of radioactive waste shipments from 

reactor/site.

49 shipments over the 30-year life of the plant. 

Volume of each shipment is 2.34 m3.

Transport method Method of transporting reactor, fresh fuel, and other large components to the site. Truck

Spent fuel disposition Ultimate disposition of spent fuel. 89 irradiated fuel shipments over the 30-year life of 

the plant.

Onsite storage, or offsite storage or disposal. 

Treatment, storage, and disposal in accordance 

with applicable legal requirements. 

6.0 Decommissioning

Prototype removal Vendor plans to remove prototype from the INL site following demonstration. Yes

Workforce Estimated additional number of temporary staff required to conduct 

decommissioning activities.

20

Duration Duration of decommissioning activities onsite. 18 mo

Waste generation Amount of waste generated during decommissioning activities Bounded by the waste streams evaluated in 

NUREG-0586
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Summary Small to Moderate Sized Advanced 
Reactor PPE (1 of 3)

Plant Design Parameter Definition PPE Value

1.0 Structure and Layout

Structure height Vertical height from finished grade to the top of the tallest power-block 
structure.

75 ft

Stack height Vertical height from finished grade to the top of the tallest exhaust stack 87 ft

Foundation embedment Depth from finished grade to the bottom of the basemat or the most deeply 

embedded power-block structure (excavation depth is the same elevation as 
embedment depth).

155 ft

Permanent disturbed acreage to support 
plant operations

Land area required to provide space for plant facilities, including any support 
facilities, switchyards, fuel management and cooling towers.

50 ac

2.0 Construction

Temporary disturbance during 
construction

Land area required to provide space for construction support facilities. 60 ac

Duration of construction Duration of construction activities onsite. 45 mo

Construction workforce Maximum number of people onsite during construction. 1,363

Construction noise Maximum expected sound level due to construction activities, measured at 50 
ft from the noise source

101 dB at 50 ft(a)

3.0 Operations

Design type Design of the plant, primarily the cooling system. High-temperature gas, molten salt, boiling water, liquid 
metal.

Megawatts-thermal Thermal power generated by one plant module 1,000 MWt

Megawatts-electric Best estimate of maximum megawatt electric generator output 333 MWe (based on estimated 33% thermal efficiency)

Plant operational life Operational life for which the plant is designed or anticipated to be operated at 
INL

80 year

Planned modules Number of modules that would be installed and operated One

Stationary or mobile Planned design future use of the plant following demonstration Stationary

Offsite power Power from utility systems essential to support safety class structures, 

systems, and components (SSCs), such as electrical power supply and water 
supply

Required per General Design Criterion 17 (10 CFR 

Part 50, Appendix A, Criterion 17 - Electric Power 
Systems)
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Summary Small to Moderate Sized Advanced 
Reactor PPE (2 of 3)

Plant Design Parameter Definition PPE Value

3.0 Operations (continued)

Normal plant heat sink Technology (or technologies) for the normal plant heat sink Mechanical Draft Cooling Towers

Support facilities Support facilities such as switchyards, fuel management, and cooling towers Multiple support facilities, including: cooling-water 

system; switchyard/ transformers; chemical/gas/fuel 

storage, potable water supply; wastewater system, 

including retention basins and associated discharge 

equipment; liquid radwaste system; fire protection and 

emergency response buildings; 

Administration/Maintenance Building(s); Security 

Facility; Chemistry and Meteorology Facility; 

Radioactive Waste Storage Facility (Region/Country 
Dependent); various offsite facilities

Operations staff Number of total permanent staff to support operations of the plant. 207

Refueling/major maintenance staff Additional number of temporary staff required to conduct refueling and major 
maintenance activities.

206 (413 total)

Consumption of raw water Average short-term consumptive use of water by the cooling-water systems 

(evaporation and drift losses) and service water systems, including potable 
and sanitary water use (if required).

5,850 gpm (water cooled)
415 gpm (air cooled)

Water discharge Average characteristics of plant water discharges. 1,775 gpm (water cooled)
415 gpm (air cooled)

Water source Source of any potable water or cooling water. Groundwater (b)

Water discharge constituents Chemical and radionuclide constituents of the plant discharges, and maximum 
and expected concentrations/activities in the discharge.

See Appendix C.

Waste streams Volume of radioactive and nonradioactive wastes generated during routine 
plant operations.

See Appendix C. Appendix C.5 includes bounding 

values of radioactive solid waste generation, 

hazardous waste, nonhazardous waste, and gaseous 
waste.

Air emissions Routine and periodic releases of criteria pollutants and greenhouse gases See Appendix C.

Stack exit velocity Exit velocity of the stack for dispersion calculations 58 ft/s

Auxiliary systems Fuel source and size of auxiliary boilers, emergency power systems, and 
standby power systems

50 MWt oil fired; 15 MWe Sentry turbine

Operation noise Maximum expected sound level produced by operation of cooling towers, 
measured at 1,000 ft from the noise source

65 dBA at site boundary




